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CUTTING OF ULTRA-HARD MATERIALS 



BACKGROUND OF THE IMVgMTip f ^ 

This invention relates to the cutting of ultra-hard materials. 

Ultra-hard materials are those which themselves have a high hardness, e.g. 
particles which have a hardness of about 10 or more on the MOHS hardness 
scale, or materials which contain such particles and have a similar hardness. 
Particular examples are natural or synthetic diamond and cubic boron nitride, 
or polycrystalline diamond (PCD) or polycrystalline cubic boron nitride (PCBN). 

Ultra-hard materials, particularly those of synthetic nature, can be produced in 
relatively large sizes and need to be cut for various applications. For example. 
PCD can be produced in the form of a large disc and this disc needs to be cut 
into smaller pieces, such pieces having application, for example, as drill or 
cutting inserts. Further, diamond plates produced by chemical vapour 
deposition (CVD) are cut into smaller pieces for use as heat sinks for semi- 
conductor devices or in mechanical applications. 

Various methods have been used in the past for cutting ultra-hard materials. 
Examples of such methods are spark erosion and laser cutting. Laser cutting 
has traditionally used rod lasers which have the disadvantage that damage to 
the ultra-hard material generally occurs. This damaged material has to be 
subsequently removed. This removal adds to the expense of producing a 
product from the ultra-hard material and is wasteful of the material itself. 
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SUMMARY OF THE INVENTION 

According to the present invention, a method of cutting an ultra-hard material 
includes the steps of using a slab laser beam to effect the cut. By "ultra-hard 
material" as used herein and in the claims is meant a particle which has a 
hardness of about 10 or more on the MOHS hardness scale, or a material 
which contains such particles and has a similar hardness. Particular examples 
of such materials are natural or synthetic diamond and cubic boron nitride, 
polycrystalline diamond (PCD) and polycrystalline cubic boron nitride (PCBN). 

PESCRIPTION OF EMBQPIMENTS 

The invention uses a slab laser. A slab laser may comprise a slab of material 
having parallel, elongate faces and end faces which are each cut to define a 
brewster angle. The laser beam enters and exists across the brewster angle 
end faces and undergoes total internal reflections on the two parallel, elongate 
faces. This reduces the thermal distortion and lensing effect leading to 
reduced beam divergence. Restricting the laser to oscillate in TEMoo mode 
only further reduces the beam divergence. This results in a 'sharper' more 
parallel beam with greater depth of focus which is beneficial to precision laser 
cutting of ultra-hard materials. In addition, the greatly reduced beam 
divergence means that a smaller spot size (focussed spot) is possible. 

It has been found that the use of a slab laser improves cutting efficiency and 
reduces damage to the ultra-hard material. Thus, a higher yield of smaller 
products or pieces from the material is possible than when using a rod laser. A 
slab laser further allows for better heat distribution and lower power use. 
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The use of a slab laser has application in any ultra-hard material, particularly a 
backed or an unbacked PCD or PCBN. A backed PCD or PCBN comprises a 
layer of PCD or PCBN bonded to a substrate or support which is generally a 
cemented carbide. The cemented carbide may be any known in the art such 
as cemented tungsten carbide, cemented titanium carbide or cemented 
tantalum carbide. 

In use, the slab laser may be used to produce a cut completely through the 
ultra-hard material producing two or more separate pieces. Alternatively, the 
cut may be only partially through the material, from one or both sides. 

The invention has particular application to the cutting of backed or unbacked 
PCD or PCBN. It has been found that the slab laser on cutting through the 
PCD or PCBN allows for weak graphite or hexagonal boron nitride bonds, as 
the case may be, to be fonned leaving a weakly bonded structure. With . 
carbide backed PCD or PCBN. weak carbide bonds are also formed in the 
carbide backing. Further damage to the PCD, PCBN and carbide backing is 
less with stab laser cutting when compared with rod laser cutting. 

In an example of the invention, a carbide backed PCD product sold under the 
trade mark Syndite® was cut both by a rod laser and by a slab laser. The 
conditions used are set out in Table I: 
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TABLE 1 



TAG TYPE 


ROD 


SLAB 


Beam divergence (mrad) 


2.0 


0.34 


Mode ' ~ " 


Multimode 


TEMoo 








Pulse width (ms) 


0.5 


0.26 


Pulse energy (J) 


1.53 


0,48 


Average power (W) 


75 


20.02 


Peak power (kW) 


3,06 


1.85 


Repetition rate (Hz) 


49 


41.7 








Cutting speed (mm/min) 


45-50 


10 








Focal length of lens (mm) 


80 


100 


Beam expanding telescope ratio 


x3 


X2 


Focussed spot size (pm) 


70 (minimum) 


70 (20 minimum) 


Assist gas 


Air 


O2 



The laser damage created by Iwth forms of cutting was compared and the 
results thereof are set out in Table II: 
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TABLE 11 



t 

1 ROD 


SLAB 


Depth of carbide damage (^m) 


>100 


50 


Depth of PCD damage ()iim) 


<50 


<50 


PCD cracking ? 


Yes 


No 


Width of damage to polished PCD 
surface along cut edge (|iim) 


60 


30 



The difference in damage Isetween slab and rod laser cut Syndite® pieces can 
be assessed In other ways. First, the destructive or permanent damage when 
using a rod laser results in the PCD layer being very susceptible to cracking. 
Cracking can render the cut piece commercially useless. The type of cracking 
created by rod laser is almost certainly caused by thennal stress which puts 
the surface of the PCD in tension on cooling. In contrast, slab laser cutting 
uses a much lower level of power which results in reduced thermal stress and 
no observable cracking in the cut pieces. Second, another type of damage is 
surface and sub-surface damage, i.e. damage which can be removed but 
reduces cutting yield and increases the cost of tool fabrication. With rod and 
slab laser cutting, there is a clear difference in the carbide substrate after a 
0,05mm edge grind. In the pieces cut using a slab laser, the carbide substrate 
is clear and free of damage. In contrast, pieces cut using a rod laser exhibit a 
"crocodile skin" effect in the carbide substrate. A "crocodile skin" effect is a 
heat phase cracking and is a hard brittle skin on the cartjide that has to be 
removed before the piece can be used to fabricate a tool. It is estimated that 
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using a rod laser the effect extends back 0,1 to 0,15mm from the cutting edge. 
With a slab laser, the effect, if at all, extends back less than 0,05mm. 

The use of a slab laser beam also has several advantages over conventional 
wire EDM cutting of backed and unbacked polycrystalline products. For 
example, there is less damage to the polycrystalline products and support or 
substrate, there is a significant increase in the cut product, the necessity for 
post-cutting treatment to restore edge quality is reduced, there is less leaching 
of metal from the support and less edge undercutting. 
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CLAIMS 



A method of cutting an ultra-hard material includes the steps of using a 
slab laser beam to effect the cut. 

A method according to claim 1 wherein the ultra-hard material is PCD 
or PCBN. 

A method according to claim 2 wherein the PCD or PCBN is bonded to 
a substrate. 

A method according to claim 3 wherein the substrate is a cemented 
carbide substrate. 

A method according to claim 4 wherein the damage to the carbide 
caused by the laser cut is less than 50^m. 

A method according to claim 1 and substantially as herein described. 



INTERNATIONAL SEARCH REPORT 



Intamatlonal Appllcatton No 

PCT/IB 99/02032 



A. CLASSIRCATION OF SUBJECT MATTER , 

IPC 7 B23K26/00 B28D1/22 



Accoiding to imemattonal Patent ClasBifleation (IPC) or to both national classification aod IPC 



B. RELOS SEARCHED 



Miniinuni documentation searctied (dassifiCBtion system followed Isy classification syi7itx>ts) 

IPC 7 B23K B28D C036 E21B 



Documentation searctied other than minimum documentation to ttte extent that such documents are included in the fields searched 



Bectronic data base consutted during the international search (name of data base and. wtiere practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE REtEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Reievarrt to ctaim No. 



EP 0 567 129 A (SUMITOMO ELECTRIC 
INDUSTRIES) 27 October 1993 (1993-10-27) 
column 1, line 1 - line 8 
column 6, line 33 - line 34; figure 1 

PATENT ABSTRACTS OF JAPAN 

vol. 017, no. 192 (E-1350), 

14 April 1993 (1993-04-14) 

& JP 04 340282 A ( ISHIKAUAJIMA HARIMA 

HEAVY IND CO LTD), 

26 November 1992 (1992-11-26) 

abstract 

"~ _/- 



1-3,6 
5 

1 



m 



Further documents are listed In the continuation of box C. 



10 



Patent family members are listed in annex. 



* SpedaJ categories of cited documents : 

'A' documem definir>g ttie general stats of the art which is not 
considered to be of particular relevance 

*E' earlier document but published on or alter the imemational 
filing date 

V document which may throw doubts on priority ciaim(8) or 
wtiich is cited to establish ttte publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use. exhibition or 
other means 

'P* documoit published prior to the intemationai filing date but 
later than the priority date claimed 



T* later documem published after the intemationai filing date 
or prtorlty date and not in conflict with the appBcation but 
cited to understand the principle or theoiy undeitying the 



*X* document of particular relevance; the claimed invention 
cannot be considersd novel orcannot be considered to 
involve an inventive step when the document is talcen alone 

*y* document of particular relevance: the dainrted invention 
cannot be considered to involve an Inventive step when the 
document Is combined with one or more other such docu- 
ments* such combination being obvlouB to a person sklllad 
in the art. 

'&* document member of the same patent famBy 



Date of the actual completion of the intemationai search 



6 Apri 1 2000 



.Date ot mailing of the tntsmational search leport 



14/04/2000 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL*22fiOHVRIjsw{jk 
Tel. (-^31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: <^1-70) 340-3016 



Authorized Officer 



Aran, D 



Rrni PCT/ISAeiO (a«oond sheet) (July 1692) 



INIERNAHONAL SEARCH REPORT 



IntamaHenal AppHcMlon No 

PCT/IB 99/02032 



&(ConUiHiaUon) DOCUMENTS CONSIDEREOT BE RELEVANT 



Categoiy* Ctatonotdocumeitt, win Indication.whereapprepilale.ot (he relevan* passages 



RelavantlodalinNa. 



PATENT ABSTRACTS OF JAPAN 

vol. 012, no. 496 (C-555), 

23 December 1988 (1988-12-23) 

& JP 63 206386 A (RES DEV CORP OF 

JAPAN; OTHERS: 01), 

25 August 1988 (1988-08-25) 

abstract 



1 



Fonn PCT/ISA/2tO (oondhuttion of taoond shaal) (July 1992) 



INTERNATIONAL SEARCH REPORT 



Information on i>atent family members 
« 


InteniaUanal Appacatlon Mo 

PCT/IB 99/02032 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 



OE 
DE 
RU 
US 
ZA 



69313709 
69313709 
2094225 
5483038 
9302810 



16- 10-1997 

08- 01-1998 
27-10-1997 

09- 01-1996 

17- 08-1994 



JP 04340282 


A 


26-11-1992 


NONE 


JP 63206386 


A 


25-08-1988 


NONE 



Fomi PCT/lSA/210 OMtant twnliy trawx) (July 1992) 



